Introduction
============

Nonsteroidal anti-inflammatory drugs (NSAIDs) are an accepted treatment for osteoarthritis (OA).[@b1-tcrm-9-153] However, guidelines for the management of osteoarthritis recommend that NSAIDs be administered at the lowest effective dose for the shortest duration possible because of the dose-related risk of gastrointestinal adverse events (AEs) (including bleeding, perforation, and ulcers) as well as cardiovascular and renal AEs.[@b2-tcrm-9-153],[@b3-tcrm-9-153]

Drug--drug interactions (DDIs) should always be avoided; however, many patients with osteoarthritis have comorbid conditions requiring treatment with medications that may have potential for interaction with NSAIDs such as diclofenac. American Geriatrics Society (AGS) guidelines for the management of chronic pain in older patients recommend that NSAIDs be avoided altogether if possible and cite the potential for NSAIDs to have DDIs with selective serotonin reuptake inhibitors, acetylsalicylic acid (ASA), and corticosteroids.[@b4-tcrm-9-153] The potential for NSAIDs to negate the therapeutic effects of antihypertensive medications has been well documented;[@b5-tcrm-9-153] NSAID use also has been associated with acute renal failure in patients with hypertension or heart failure.[@b6-tcrm-9-153]

In randomized controlled trials, diclofenac sodium 1% gel (DSG; Voltaren^®^ Gel, Novartis Consumer Health, Parsippany, NJ, USA) demonstrated efficacy similar to that of oral NSAIDs in patients with osteoarthritis of the knees or hands, with an occurrence of systemic AEs similar to placebo.[@b7-tcrm-9-153]--[@b9-tcrm-9-153] Subgroup analyses have shown similar efficacy and tolerability in elderly and younger patients and in those with and without an increased risk of cardiovascular and renal AEs.[@b10-tcrm-9-153],[@b11-tcrm-9-153] Pharmacokinetic evidence indicates that diclofenac sodium 1% gel facilitates the guideline recommendation to use the lowest effective dose of NSAID to achieve effective relief. Therapeutic doses of DSG (16 g/day\[d\]; contains 160 mg of diclofenac sodium) applied to one knee produce peak plasma diclofenac levels approximately 150-fold lower than therapeutic doses of oral diclofenac (150 mg/d).[@b12-tcrm-9-153] Even at a supratherapeutic dose (48 g/d; contains 480 mg diclofenac sodium), peak plasma diclofenac concentrations were approximately 45-fold lower than those observed with a 150-mg/d dose of oral diclofenac.[@b12-tcrm-9-153]

It has been reported anecdotally that DSG does not cause AEs when used with warfarin or other drugs known to interact with diclofenac. This suggests that minimizing NSAID dose may mitigate the risk of DDIs that could lead to clinically evident AEs.[@b13-tcrm-9-153] This analysis was conducted to determine whether the concurrent use of DSG with drugs known to have major or moderate risk of DDIs with diclofenac is associated with an increased frequency of AEs.

Methods
=======

Study design
------------

This was a post hoc analysis of a 12-week, randomized, double-blind, vehicle-controlled, parallel-group trial. Efficacy and overall tolerability results have been reported elsewhere.[@b9-tcrm-9-153] For this analysis, patients were categorized as either receiving or not receiving concurrent medications known to have a DDI with diclofenac. Drugs with the potential for DDIs with diclofenac were identified using Drugs.com.[@b14-tcrm-9-153] Only drugs with "major" or "moderate" DDIs with diclofenac according to Drugs.com criteria were considered. The original study received institutional review board approval, and all patients provided written informed consent.

Participants
------------

Patients treated in the original study included ambulatory men and women aged ≥ 35 years with mild to moderate OA in one or both knees (Kellgren-Lawrence grades 1--3), diagnosed ≥ 6 months before screening, and with a self-reported history of moderate to severe pain in one knee only. Immediately before randomization, patients had to have pain on movement scored as ≥50 on a 100-mm Visual Analog Scale (VAS) and a Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)[@b15-tcrm-9-153] pain score ≥ 9 on a 20-point Likert scale.

Patients were excluded primarily for having other inflammatory conditions that might confound efficacy results or require systemic anti-inflammatory therapy. These included significant pain in the contralateral knee or a history or present evidence of secondary OA, rheumatoid arthritis, fibromyalgia, or other chronic inflammatory disease.[@b9-tcrm-9-153] In addition, patients were excluded if they had evidence of an active peptic ulcer or history of gastrointestinal bleeding, and if they had a clinically significant medical disease that might compromise their welfare or confound study results. These included a recent history (≤12 months \[m\]) or current signs of severe uncontrolled renal, hepatic, hematological, endocrine, cardiovascular, and neurological disease.

Intervention and assessment
---------------------------

Following a 7-day washout of analgesics, eligible patients were randomized in a 1:1 ratio to receive DSG or its vehicle (identical in composition except for the absence of diclofenac sodium). Patients applied 4 g of DSG or vehicle to only the target knee 4 times daily for 12 weeks (equivalent to 5 standard 100-g tubes per month). Any other medications taken starting within 30 days before the screening visit and continuing through the end of the study were recorded.

All treatment-emergent AEs were reported and rated according to severity and relationship to treatment. All AEs occurring during the study were graded by investigators according to severity and likelihood of relatedness to study medication, and coded in the Medical Dictionary for Regulatory Activities (v 7.0, MedDRA).[@b16-tcrm-9-153] Cardiovascular AEs combined the MedDRA codes for cardiac AEs and vascular AEs. Renal AEs combined the MedDRA codes for renal AEs and urinary AEs and also included elevated creatinine levels, which MedDRA classifies as an abnormal laboratory investigation. Hepatic AEs were limited to clinically meaningful elevations in alanine aminotransferase, aspartate aminotransferase, and gamma-glutamyltransferase (≥3 times upper limit of normal).

No formal statistical analysis was performed.

Results
=======

Patients
--------

A total of 254 patients were randomly assigned to receive DSG ([Figure 1](#f1-tcrm-9-153){ref-type="fig"}). Demographic and clinical characteristics for the study population are presented in [Table 1](#t1-tcrm-9-153){ref-type="table"}. Of the active-treatment patients, 171 were also receiving ≥1 concurrent medication with a potential DDI with diclofenac ([Table 2](#t2-tcrm-9-153){ref-type="table"}). The most frequently administered drugs were antihypertensive medications, antidepressants, and anti-inflammatories. As shown in [Figure 1](#f1-tcrm-9-153){ref-type="fig"}, most patients randomized to DSG (209 of 254; 82%) completed the 12-week treatment period. Only 13 patients (5.1%) discontinued owing to AEs, including four patients (1.6%) who discontinued because of application-site conditions and four who discontinued because of musculoskeletal or connective tissue disorders (arthralgia, back pain, neck pain). No patient discontinued DSG because of a gastrointestinal AE or laboratory abnormality.

Tolerability
------------

The occurrence of treatment-emergent AEs was slightly higher (62.6%) in patients taking medications with potential DDIs compared with patients who were not taking such medications (55.4%) ([Table 3](#t3-tcrm-9-153){ref-type="table"}). Most of these AEs were not considered related to treatment with DSG. The only treatment-related AEs reported in ≥3% of patients in either group were application-site dermatitis (2.9% with potential DDIs versus 7.2% without DDIs) and pruritus (0.6% with potential DDIs vs 3.6% without DDIs).

The frequency of cardiovascular AEs was somewhat higher in patients with DDIs than in patients without DDIs (4.7% vs 1.2%, respectively) ([Table 4](#t4-tcrm-9-153){ref-type="table"}). However, of the eight patients with cardiovascular AEs in the DDI group, six had a medical history of hypertension. Of the 2 DDI-group patients without a history of cardiovascular disease, one experienced tachycardia and the other hypertension. A single fatal cardiovascular AE (ventricular fibrillation) was reported in a 76-year-old man with multiple medical problems (including hypercholesterolemia and hypothyroidism treated with levothyroxine) but without a diclofenac DDI. This event and all other cardiovascular AEs were considered unrelated to treatment.

The frequencies of treatment-emergent gastrointestinal (upper and lower), renal and hepatic AEs were similar regardless of the presence of diclofenac DDIs ([Table 4](#t4-tcrm-9-153){ref-type="table"}). Only two gastrointestinal AEs, single occurrences of nausea (DDI group) and dyspepsia (DDI group), were considered potentially treatment related. Only two patients experienced renal AEs, both of whom had a potential DDI. Renal AEs consisted of blood creatinine increase and blood urea increase in one patient taking atenolol, and pollakiuria in one other patient taking furosemide. According to Drugs.com,[@b14-tcrm-9-153] these renal AEs are typically associated with the interaction of diclofenac and atenolol or diclofenac and furosemide; however, neither AE was considered treatment related. One hepatic AE (increased gamma glutamyl transferase) was reported in a patient without a potential DDI.

Discussion
==========

This post hoc analysis was undertaken to consider the impact of potential DDIs of diclofenac with concomitant medications on the frequency of AEs. Patients who used topical diclofenac 1% gel concomitantly with medications known to have potential DDIs with diclofenac experienced a similar low frequency of AEs compared with patients who used topical diclofenac 1% gel in the absence of potential DDIs. Possibly, the low systemic distribution of diclofenac associated with topical administration may have mitigated the risk of a clinically evident AE resulting from a potential DDI.

The incidence of cardiovascular AEs in this study was slightly higher among patients in the DDI group than in the non-DDI group. However, several medications with the potential to interact with diclofenac are prescribed for cardiovascular disease or for conditions associated with risk of cardiovascular disease ([Table 2](#t2-tcrm-9-153){ref-type="table"} -- anticoagulants, antihypertensives, digitalis alkaloids, glucose-lowering drugs); therefore, patients taking these medications may have had a high risk of cardiovascular events based on the medical condition for which the medications were taken. Indeed, six of eight patients in the DDI group who experienced a cardiovascular AE in this study had a medical history of cardiovascular disease.

Osteoarthritis treatment guidelines recommend that NSAIDs be administered at the lowest effective dose to reduce the risk of dose-related AEs.[@b2-tcrm-9-153],[@b3-tcrm-9-153] Clinical trial evidence suggests that topical administration is an effective strategy to obtain effective OA pain relief with minimal systemic exposure to NSAIDs. This post hoc analysis is based on a safety and efficacy study in which DSG was associated with a mean 43% reduction in WOMAC Index pain score,[@b15-tcrm-9-153] a 44% reduction in pain on movement (100-mm VAS), and an occurrence of systemic AEs similar to the placebo control treatment.[@b9-tcrm-9-153] Similarly, numerous other studies of topical NSAIDs have reported effective relief of OA pain with low rates of dose-related gastrointestinal, cardiovascular, renal, and other systemic AEs; the frequency of these AEs has typically been higher in studies of oral NSAIDs.[@b7-tcrm-9-153]--[@b9-tcrm-9-153],[@b17-tcrm-9-153],[@b18-tcrm-9-153]

A limitation of this study is that the sample size was not large enough to allow for an analysis of AEs in patients with DDIs based on age and other demographic variables. However, a pooled analysis of 3 trials in which 721 patients with OA of the knees were treated with DSG found no difference in efficacy and similarly low AE rates in patients aged \< 65 years versus those aged ≥ 65 years.[@b11-tcrm-9-153] A second limitation of the present analysis is that the dose of DSG administered (16 g/d), although appropriate to treat a single target knee, as required in the study, was only half the maximum dose recommended in the product label (32 mg/d) for use on multiple joints.[@b19-tcrm-9-153] However, in other trials, no gastrointestinal bleeding or treatment-related cardiovascular, renal, or serious AEs were reported in patients applying 16 g/d to one or both knees (up to 32 g/d total) for 12 weeks[@b8-tcrm-9-153] or 16 g/d to both knees and 8 g/d to both hands (48 g/d total) for 1 week.[@b12-tcrm-9-153] As in this trial, treatment-related gastrointestinal AEs were uncommon and did not result in treatment discontinuation.[@b8-tcrm-9-153],[@b12-tcrm-9-153] Nonetheless, additional studies would be required in patients receiving DSG 32 g/d for an extended period of time to confirm the tolerability of DSG when administered with drugs known to interact with diclofenac.

Conclusion
==========

Topical application of DSG for knee osteoarthritis was associated with only a small increase in AEs when used concomitantly with medications known to have major or moderate interactions with diclofenac. Although the combination of drugs with known potential for adverse interactions should always be avoided, these results suggest that reducing NSAID dose by a strategy such as topical administration may mitigate the risk of a clinically evident AE following from a potential drug interaction. Clinicians may cautiously consider topical DSG to treat osteoarthritis pain in the knees of patients receiving multiple medications.
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###### 

Baseline demographic characteristics by treatment group

  Characteristic                                                            All randomized patients   
  ------------------------------------------------------------------------- ------------------------- -------------
  Women, %                                                                  67.3                      65.5
  White, %                                                                  75.2                      80.3
  Age, years                                                                                          
   Mean (SD)                                                                59.7 (10.5)               59.2 (10.6)
   Range                                                                    36--90                    35--92
  BMI, kg/m^2^                                                                                        
   n                                                                        250                       235
   Mean (SD)                                                                30.9 (6.2)                31.8 (7.0)
   Range                                                                    18.4--53.2                18.5--57.7
  WOMAC pain subscale score[a](#tfn2-tcrm-9-153){ref-type="table-fn"}                                 
   Mean (SD)                                                                11.7 (2.4)                11.7 (2.5)
   Range                                                                    5--18                     5--18
  WOMAC physical function score[a](#tfn2-tcrm-9-153){ref-type="table-fn"}                             
   Mean (SD)                                                                38.0 (10.0)               37.9 (10.7)
   Range                                                                    4--65                     9--64
  Global rating of disease[b](#tfn3-tcrm-9-153){ref-type="table-fn"}                                  
   Mean (SD)                                                                62.3 (19.4)               61.9 (19.5)
   Range                                                                    9--100                    1--100
  Pain on movement[c](#tfn4-tcrm-9-153){ref-type="table-fn"}                                          
   Mean (SD)                                                                71.3 (11.8)               71.4 (12.7)
   Range                                                                    47--99                    40--100

**Notes:**

Pain, 0--20; physical function, 0--68;

0 = very good, 100 = very poor;

0 = no pain, 100 = most pain possible.

**Abbreviations:** BMI, body mass index; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; SD, standard deviation.

###### 

Diclofenac drug interactions identified among clinical trial patients treated with topical diclofenac sodium 1% gel by drug class and risk

  ----------------------------------------------------------------------------------------------------------------------------------------------------
  Concomitant drug with diclofenac interaction    Number of patients with this drug interaction (n = 171)   Potential adverse event[@b13-tcrm-9-153]
  ----------------------------------------------- --------------------------------------------------------- ------------------------------------------
  **Antibiotics**                                                                                           

   Fluoroquinolone antibiotics                    16                                                        CNS toxicity

    Levofloxacin                                  9                                                         

    Ciprofloxacin                                 6                                                         

    Moxifloxacin                                  1                                                         

  **Anticoagulants**                                                                                        Gastrointestinal bleed

   Clopidogrel sulfate                            1                                                         

   Warfarin                                       1                                                         

   Heparin-fraction sodium salt                   1                                                         

  **Antidepressants**                                                                                       

   SSRIs                                          53                                                        Gastrointestinal bleed

    Escitalopram                                  16                                                        

    Fluoxetine                                    14                                                        

    Citalopram                                    6                                                         

    Sertraline                                    9                                                         

    Paroxetine                                    8                                                         

   SNRIs                                          11                                                        Gastrointestinal bleed

    Venlafaxine hydrochloride                     11                                                        

   Lithium                                        1                                                         Lithium toxicity

  **Antihypertensives**                                                                                     

   Angiotensin-converting enzyme inhibitors       63                                                        Hypertension Renal failure

    Lisinopril                                    25                                                        

    Quinapril                                     9                                                         

    Benazepril                                    8                                                         

    Ramipril                                      8                                                         

    Captopril                                     5                                                         

    Fosinopril                                    4                                                         

    Enalapril                                     3                                                         

    Trandolapril                                  1                                                         

   Beta blockers                                  74                                                        Hypertension

    Metoprolol                                    33                                                        

    Atenolol                                      29                                                        

    Timolol                                       4                                                         

    Carvedilol                                    2                                                         

    Propranolol                                   2                                                         

    Labetalol                                     1                                                         

   Angiotensin receptor blockers                  40                                                        Hypertension\
                                                                                                            Renal failure

    Valsartan                                     14                                                        

    Irbesartan                                    8                                                         

    Losartan                                      6                                                         

    Candesartan cilexetil                         5                                                         

    Olmesartan medoxomil                          4                                                         

    Telmisartan                                   3                                                         

   Calcium channel blockers                       47                                                        Hypertension

    Amlodipine                                    27                                                        

    Diltiazem                                     7                                                         

    Nifedipine                                    7                                                         

    Felodipine                                    5                                                         

    Isradipine                                    1                                                         

   Diuretics                                      63                                                        Renal failure\
                                                                                                            Heart failure\
                                                                                                            Hypertension

    Hydrochlorothiazide                           42                                                        

    Furosemide                                    9                                                         

    Triamterene                                   6                                                         

    Bumetanide                                    3                                                         

    Torasemide                                    1                                                         

    Indapamide                                    1                                                         

    Spironolactone                                1                                                         

   Combination products                           41                                                        

    Triamterene plus hydrochlorothiazide          14                                                        

    Amlodipine plus benazepril                    12                                                        

    Hydrochlorothiazide plus losartan             7                                                         

    Hydrochlorothiazide plus lisinopril           5                                                         

    Telmisartan plus hydrochlorothiazide          2                                                         

    Spironolactone plus hydrochlorothiazide       1                                                         

  **Anti-inflammatories**                                                                                   

   Corticosteroids                                26                                                        Gastrointestinal bleed

    Methylprednisolone                            9                                                         

    Prednisone                                    6                                                         

    Triamcinolone                                 5                                                         

    Dexamethasone                                 4                                                         

    Cortisone                                     3                                                         

    Hydrocortisone                                2                                                         

   NSAIDs                                         152                                                       Gastrointestinal bleed

    Acetylsalicylic acid                          125[a](#tfn7-tcrm-9-153){ref-type="table-fn"}             

    Celecoxib                                     38                                                        

    Ketorolac tromethamine                        1                                                         

    Antiinflammatory/ antirheumatic nonsteroids   1                                                         

  **Bisphosphonates**                             36                                                        Gastrointestinal bleed

   Alendronate sodium                             32                                                        

   Risedronate sodium                             4                                                         

  **Digitalis alkaloids**                                                                                   Cardiac arrhythmia

   Digoxin                                        2                                                         

  **Glucose-lowering drugs**                      16                                                        Hypoglycemia

   Glipizide                                      9                                                         

   Glimepiride                                    6                                                         

   Nateglinide                                    1                                                         
  ----------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Includes combination products Alka Seltzer^®^ and butalbital/aspirin/caffeine.

**Abbreviations:** CNS, central nervous system; NSAID, nonsteroidal anti-inflammatory drug; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.

###### 

Total and most frequent AEs among clinical trial patients treated with topical diclofenac sodium 1% gel by presence of drug interaction

                                                                     Without DDIs, n (%) (n = 83)   With DDIs, n (%) (n = 171)
  ------------------------------------------------------------------ ------------------------------ ----------------------------
  Any AE                                                             46 (55.4)                      107 (62.6)
  Treatment-emergent AEs reported in ≥3% of either treatment group                                  
   Headache                                                          7 (8.4)                        28 (16.4)
   Arthralgia                                                        7 (8.4)                        27 (15.8)
   Back pain                                                         9 (10.8)                       14 (8.2)
   Application-site dermatitis                                       6 (7.2)                        5 (2.9)
   Pain                                                              3 (3.6)                        8 (4.7)
   Pain in untreated extremity                                       3 (3.6)                        7 (4.1)
   Nasopharyngitis                                                   3 (3.6)                        6 (3.5)
   Sinusitis                                                         3 (3.6)                        6 (3.5)
   Upper respiratory tract infection                                 3 (3.6)                        6 (3.5)
   Application-site pruritus                                         3 (3.6)                        1 (0.6)
   Sinus congestion                                                  3 (3.6)                        4 (2.3)
   Myalgia                                                           4 (4.8)                        2 (1.2)
   Neck pain                                                         0                              6 (3.5)

**Abbreviations:** AE, adverse event; DDI, drug--drug interaction with diclofenac.

###### 

Gastrointestinal, cardiovascular, renal, and hepatic AEs among clinical trial patients treated with topical diclofenac sodium 1% gel by presence of drug interaction

                                                                         Without DDIs, n (%) (n = 83)   With DDIs, n (%) (n = 171)
  ---------------------------------------------------------------------- ------------------------------ ----------------------------
  Gastrointestinal AE, n (%)                                             6 (7.2)                        9 (5.3)
   Toothache                                                             2 (2.4)                        3 (1.8)
   Dyspepsia                                                             2 (2.4)                        2 (1.2)
   Diarrhea                                                              1 (1.2)                        1 (0.6)
   Vomiting                                                              0                              2 (1.2)
   Inguinal hernia                                                       0                              1 (0.6)
   Nausea                                                                0                              1 (0.6)
   Rectal hemorrhage                                                     0                              1 (0.6)
   Upper abdominal pain                                                  1 (1.2)                        0
  Cardiovascular AE, n (%)                                               1 (1.2)                        8 (4.7)
   Angina pectoris                                                       0                              1 (0.6)
   Atrial fibrillation                                                   0                              1 (0.6)
   Hematoma                                                              0                              1 (0.6)
   Orthostatic hypotension                                               0                              1 (0.6)
   Palpitations                                                          0                              1 (0.6)
   Ventricular fibrillation[a](#tfn11-tcrm-9-153){ref-type="table-fn"}   1 (1.2)                        0
   Tachycardia                                                           0                              1 (0.6)
   Hypertension                                                          0                              4 (2.3)
  Renal AE, n (%)                                                        0                              2 (1.2)
   Blood creatinine increased                                            0                              1 (0.6)
   Blood urea increased                                                  0                              1 (0.6)
   Pollakiuria                                                           0                              1 (0.6)
  Hepatic AE, n (%)                                                      1 (1.2)                        0
   Gamma glutamyltransferase increased                                   1 (1.2)                        0

**Note:**

1 fatal, non--treatment-related cardiovascular AE (ventricular fibrillation) occurred in a 76-year-old man.

**Abbreviations:** AE, adverse event; DDI, drug--drug interaction with diclofenac.
